Using two strains of D. ananassae, male recombination and Minute mutation frequencies were assayed with regard to the age of the male parent. One of the strains, L8, was characterized by a progressive decrease in male recombination with increasing age of the male parent, while the other strain, E22, exhibited no such changes throughout seven two-day broods.
INTRODUCTION
Drosophila ananassae is a species of unusual interest for investigation of genetic systems controlling male crossing-over and mutation (Kikkawa 1938; Moriwaki 1938 Moriwaki , 1940 Mukherjee 1961; Ray-Chaudhuri and Kale 1966; Kale 1968 Kale , 1969 Hinton 1970 Hinton , 1974 Hinton , 1979 Moriwaki et al. 1970 Moriwaki et al. , 1979 . In 1937, Kikkawa and Moriwaki independently first discovered the spontaneous occurrence of male crossing-over in D, ananassae. They identified the enhancers which caused the male crossing-over, En on chromosome 3 and En-2 on chromosome 2. Later, Hinton (1970) reported that the spontaneous occurrence of male crossing-over in D. ananassae was dependent on an enhancer (E) which mapped on the right arm of chromosome 3 and on a suppressor (S) which was located on the left arm of chromosome 2.
Extensive genetic analyses of the mutability of this species were performed by Hinton (1979) . He revealed that diverse control systems composed of two mutators and three suppressors, including extrachromosomally transmitted factors, are responsible for producing Minute mutations. A positive correlation between the rates of spontaneous Minute mutations and male recombination frequencies was detected by Moriwaki (1975, 1983) , They suggested that the male crossing-over and Minute mutation might have at-least a partially common cause. Matsuda and Tobari (1982) have investigated the effect of ageing on male recombination in chromosome 2. The patterns of the ageing effect on male recombination were characteristic for specific strains. Among the strains examined, L8 was characterized by a progressive decrease in recombination frequencies with increasing age of the male parents, and another strain, E22, was characterized by a persistent incidence of male recombination regardless of male age. These strains thus provide material for investigating whether or not the genetic systems for male crossing-over and Minute mutations are common.
The present paper reports that the patterns of changes in frequencies of male recombination with increasing male age do not parallel those in Minute mutation rates. These results indicate that the modifying factor or factors responsible for alteration of occurrence of male crossing-over with ageing should be distinguished from corresponding modifiers of Minute mutations.
MATERIALS AND METHODS
Stocks: Two marker stocks, b Arc pea/b + pea; bri ru and b pea; bri ru, and two wild strains each derived, in 1971, from a single female inseminated in nature (E22 from Calcutta, India and L8 from Colombo, Sri Lanka) were used for the present experiments.
The genes b (black body), Arc (arc wing), and pea (peach eye color) are located on chromosome 2, and bri (bright eye color) and ru (roughoid eyes) are located on chromosome 3. Map units for b-Arc, Arc-pea, and bri-ru are approximately 14, 7, and 97, respectively. The L8 strain is homozygous for both In (3L) A and In(3R)A, structural heterozygosity for which results in about a 40% reduction of recombination values between bri and ru in females (Table 1) .
Mating: Flies were cultured on medium prepared from cornmeal, dried brewer's yeast, glucose, agar, and propionic acid. Eight to twelve hours after emergence, Fl males, b Arc pea/ + + +; bri ru/ + +, derived from mating b Arc pea/b + pea; bri ru females with L8 or E22 males were individually mated Table   1 . Frequencies of recombination in females. L8 carries inversions, In (3L) A and In(3R)A, designated by Futch (1966) to 3 b pea; bri ru, 3-4 day old females. The Fl males were aspirated and transferred every two days to fresh vials provided with 3 b pea; bri ru females successively until the 14th or 16th day; thus 7 or 8 consecutive broods were obtained from each series (L8 and E22). All vials were kept at 25°C. Progeny recovered from each vial were examined for male recombination and Minute mutation from the beginning of emergence through the 18th day of cultures. Scoring for Minute was focused on the abnormally short and thin bristles and reduced body size, as in the case in D. melanogaster (Lindsley and Grell 1968) .
RESULTS
Male recombination: The frequencies of male recombination for the two sections, b-Arc and Arc-pea, in chromosome 2 and bri-ru section in chromosome 3, in successive broods are summarized in Table 2 . The presence of heterozygous inversions in chromosome 3 of the L8 strain in males did not reduce recombination as much as in females (Tables 1 and 2 ).
There were clear differences between the two strains, L8 and E22, in the pattern of recombination frequency with ageing of the male. In the males heterozygous for L8, the highest recombination frequency in the b-Arc section, 20.3%, which is higher than that in females, appeared in the 1st brood, and this high incidence of recombination persisted for the following three broods. After that, the frequency decreased progressively to the lowest value, 6.9%, in the 7th brood (Table 2) . A similar pattern was obtained for the bri-ru Table 2 . Frequencies of male recombination in successive two-day broods section in chromosome 3; the highest value, 22.2%, in the 1st brood, and lowest one, 3.5%, in the 7th brood. For the Arc-pea section in chromosome 2, the recombination frequency was not as high as in the other sections, but it still showed a tendency toward decrease. In contrast to the pattern expressed in L8, in the males heterozygous for E22, the recombination frequencies remained constant throughout broods 1-7, fluctuating only within certain ranges; these ranges were from 16.2% to 21.2% in the b-Arc section, 0.11% to 0.78% in the Arc-pea section, and 25.1% to 28.5% in the bri-ru section.
Minute mutations:
The Minute mutation frequencies in each two-day brood are summarized in Table 3 . The mutations appeared individually, not in clusters, in most of the vials, indicating that most, if not all, of the Minute are independent in their origin. The pattern of the Minute mutation rate was clearly different from that of the male recombination frequency in each of the strains.
The two strains showed a similarity in the mutation rate pattern associated with ageing of the male. The mutation frequency increased gradually in broods 1-4, and then decreased in broods 5-7, the highest being in the Table   3 . Minute mutation rates in successive two-day broods * =Number of vials which prod upon them.
uced Minute flies and the calculated mutation rates based 4th brood. The mutation rates ranged from 0.57 X 10_3 to 3.41 X 10_3 with an average of 2.11 X 10 in L8, and from 0.47 X 10 to 2.89 X 10 with an average of 1.55 X 10 in E22. More Minute flies were observed among female offspring than among male offspring (81:61). These numbers thus may reflect the fact that males carrying an X-linked Minute are lethal and are not recovered. This observation is in agreement with Hinton's report (1979) .
DISCUSSION
In the present experiment, the relationship between Minute mutation rate and male age was demonstrated to be distinct from that between frequency of male recombination and male age.
As shown in Table 2 , a clear difference between L8 and E22 in the pattern of recombination frequencies for each section was recognized, supporting the previous report (Matsuda and Tobari 1982) . The pattern of changes in the amount of recombination in the b-Arc section in chromosome 2 was parallel to that in the bri-ru section in chromosome 3, in both L8 and E22. This indicates that there exists a factor (or factors) in L8 which is responsible for changing the frequencies of male recombination, and which acts on chromosomes 2 and 3 in common or, more probably, throughout the genome. Indeed, we have located in the L8 strain an enhancer of male recombination on chromosome 2 and a factor (reducer) on chromosome 3 which modifies the effect of the enhancer, according to the age of the male (Matsuda and Tobari 1983) .
L8 and E22 were similar, however, in the pattern of frequency changes with male age with regard to Minute mutations.
The average Minute mutation frequencies were 2.11 X 10 with a peak of 3.41 X 10-3 in the 4th brood in L8, and 1.55 X 10 with a peak of 2.89 X 10 in the 4th brood in E22. This indicates that the reducer of male recombination located on chromosome 3 in the L8 strain did not appreciably modify the Minute mutation frequency with increasing age of the male parents. Inspection of these results, superimposed on the facts previously reported Moriwaki 1975, 1983) which demonstrated a positive correlation between male recombination frequencies and Minute mutation rates, may raise the possibility that the enhancer of male recombination primarily affects the occurrence of Minute mutations in the direction of increase. This primary event caused by the enhancer may be modified by specific modifiers during the process of completion of the mutation with increasing age of the male. Whether the modifier of the enhancer is directly related to the meiotic process or acts upon meiosis indirectly through physiological changes which elicit changes in the f regkancy has not been studied. The modifiers of Minute mutations postulated in the present study also remain to be diagnosed. Kidwell et al. (1977) reported some influence of male age on male recombi-nation in D. melanogaster. They described it as being specific to a particular cross in the P-M system. In D, ananassae, the ageing effect on male recombination has also been demonstrated only in a particular cross (Matsuda and Tobari 1982 and the present report). In this particular cross, analyses have resulted inrecognition of the enhancer of male recombination and the modifier of the enhancer (Matsuda and Tobari 1983) , which is a different genetic system from the P-M one.
